Objective: To review the use of ultrasound (US) for the detection of free intraperitoneal fluid (ascites) and for the procedural guidance of the paracentesis procedure. Methods: Two clinical vignettes are presented to review the pertinent diagnostic, management and safety considerations associated with paracentesis. First, US techniques used for the identification of ascites and in the quantification of fluid pockets amenable to aspiration will be discussed. Next, the actual steps required for the performance of US-guided paracentesis will be covered. A review and analysis of the most current literature regarding US and paracentesis then follows. Conclusion: Current literature favors US-guided paracentesis over the traditional blind technique with a significant reduction in both the rate of unsuccessful aspiration of fluid and in the bleeding complications related to this procedure. Use of US for both the diagnostic and therapeutic management of ascites should be advocated as an essential skill for physicians and other health care providers caring for these patients.
Introduction
Ascites is a common end point of multiple disease states that lead to leakage of fluid into the peritoneal cavity. The most common etiology for ascites is liver dysfunction and hepatic cirrhosis, which lead to transudation of fluid into the peritoneum as a result of high portal venous pressures. Other significant causes of ascites include renal failure and cardiac failure. In developing nations, severe hypoalbuminemia from malnutrition is a frequent etiology. Furthermore, ascites may often be seen in cases of primary abdominal and gynecological malignancies, as well as in cancers that are metastatic to the liver. The accumulation of ascites results in progressive abdominal distention and significant patient discomfort. As abdominal pressure increases, elevation of the diaphragms leads to reduced lung volumes and lowered functional respiratory reserve. This often causes shortness of breath, especially when the patient is recumbent. While medical therapies, such as reduction in salt intake and diuretics are commonly used to treat ascites, a significant subset of medically managed patients will not improve [1] . Large volume paracentesis may be emergently indicated to alleviate painful abdominal distention, dyspnea and resultant respiratory compromise, especially in diuretic resistant patients and those unable to comply with their medical regimen [2] .
The presence of ascites also predisposes to spontaneous bacterial peritonitis (SBP), a potentially life threatening infection caused by transmigration of bacteria into the peritoneal fluid. Unfortunately, physician's clinical impression has a limited sensitivity for this diagnosis. One study demonstrated a sensitivity of 76% and specificity of 34% for the physician impression in accurately detecting SBP [3] . The timely performance of paracentesis is critical to making the initial diagnosis of SBP, allowing ascites fluid to be obtained for definitive testing. Appropriate antibiotic therapy can then be selected based on the results of these tests [4] .
History
Traditionally, paracentesis was performed blindly using standard anatomical landmarks [2] . As the etiology of ascites in most patients is liver cirrhosis with associated portal hypertension, the liver typically becomes smaller and the spleen larger as disease progresses. Therefore, some physicians favor the right paracolic gutter approach. However, the patient with ascites may have atypical anatomy, due to varying dimensions of the spleen and liver in different pathology states. Therefore, others refer to the left lower quadrant (LLQ) as the typical puncture point [5] . The midline linea alba technique has also been historically employed with success [6] . While the blind landmark technique continues to be used effectively in current medical practice by experienced operators, it is associated with an increased rate of unsuccessful aspiration attempts [7] [8] . In addition, the risk of complications, particularly bleeding into the abdomen, is higher with this technique [9] [10] . Finally, ascites pockets amenable to drainage may only be present in localized regions of the abdomen and not in the standard areas used for the landmark technique [11] .
The utility of bedside abdominal US for the identification of free intra-peritoneal fluid and drainage of ascites has been recognized since the 1980's [12] . One study demonstrated that as little as 100 cc of fluid could be seen on US in a cadaver model [13] . Further use of US for the assessment of free intra-peritoneal fluid has developed from research in trauma patients with the Focused Assessment with Sonography in Trauma ("FAST") exam (Figure 1) . As little as 150 cc of fluid may be detected using the FAST suprapubic view [14] . Larger volumes of 500 -600 cc may be more reliably identified, as this amount is typically required for a positive right upper quadrant FAST view [15] . Clinicians have extrapolated from these studies that free ascites fluid could also be rapidly detected through the use of the standard FAST views. In addition, US views of the right and left paracolic gutters are generally included for the specific detection of ascites. The use of US to diagnose ascites has been supported by the fact that physical examination findings, like shifting dullness and a palpable fluid wave, have only an intermediate diagnostic sensitivity (70% -80%) due to the larger volumes of ascites required for a reliable positive examination [16] [17] .
Today, many clinicians have now integrated bedside US into the initial assessment of patients with suspected ascites [18] . The majority of residency training programs in Emergency Medicine now teach the use of US to improve diagnostic accuracy [19] . This has set the stage for the increased use of bedside US to improve diagnostic accuracy for ascites, especially in cases of smaller volumes of fluid.
Ultrasound for Paracentesis
As bedside US has become more widely used in the assessment of ascites, many clinicians have also routinely integrated US guidance into the paracentesis procedure. The anatomy of the liver and spleen can be further defined, so as to avoid these structures during the procedure (Figure 2, Figure 3) .
The suprapubic region in males and females should also be closely examined, as this is the location where ascites may first be seen (Figures 4-6) . Next, the location of the largest pockets of ascites can be individually identified in each patient. One study looked specifically at the volumes of ascites pockets using the smallest fluid depth measurement ("SFD"-the distance from the most superficial bowel loop to the abdominal wall). This demonstrated a correlation of SFD with the volume of drained paracentesis fluid [11] . The authors found that for every 1 cm increase in the SFD, there was a correlation in the amount of drained fluid by 1 liter.
Next, the abdominal wall can be evaluated in areas where needle placement is being considered. This is helpful in finding the thinnest regions, as patients with ascites may have significant edema with resultant thickening of the abdominal wall. The length of the needle that will best traverse the wall can be determined by this measurement. Finally, vascular structures within this tissue can be identified and avoided, particularly the inferior epigastric vessels and any collateral structures that may have developed due to portal hypertension [20] . With the knowledge gained by bedside US, the procedure can then be more safely performed [21] .
Available evidence now supports the use of ultrasound prior to the paracentesis procedure for the purposes of site planning and for the avoidance of procedural complications, including bowel injury, laceration of vascular structures and failed acquisition of ascites fluid. While experienced physicians may have a higher success rate and lower complication rate using the blind technique [7] , individuals performing paracentesis on a less than frequent basis likely benefit more from US guidance. This becomes even more important in patients with lower volumes of ascites. One case series found the absence of drainable fluid collections at the traditional LLQ site of blind paracentesis in patients with progressively lower volumes of ascites [22] . They also noted potentially complicating loops of air-filled bowel interposed at this site between the abdominal wall and drainable collections of fluid.
Report of Cases

Case 1
A 60-year-old male with known alcoholic cirrhosis presented to the Emergency Department (ED) with the chief complaint of increasing abdominal girth, abdominal discomfort and progressive shortness of breath. His vital signs were: blood pressure of 90/50 mm Hg, heart rate of 92 beats per minute, temperature of 98.7 degrees F, respiratory rate of 22 per minute and oxygen saturation of 93%. On physical examination, he had impressive abdominal distention and was noted to be in respiratory distress when lying recumbent. A fluid wave was thought to be present on abdominal examination. Mild subjective tenderness to palpation was noted in all abdominal quadrants. Notably absent on abdominal examination were rebound tenderness and guarding. A review of the patient's medical record demonstrated previous visits for similar complaints that were successfully managed with large volume paracentesis.
An US machine was brought to the bedside and confirmed the presence of ascites and determined the optimal location for the paracentesis procedure. After obtaining informed consent and performing a time-out prior to the procedure, 5 liters of clear yellow fluid were successfully drained from the LLQ area. The patient felt much better. He received albumin intravenously and was subsequently discharged from the ED for close follow-up in the Gastroenterology clinic.
Case 2
A 45-year-old woman with previous history of colorectal adenocarcinoma, status post resection and chemotherapy, presented to the ED with abdominal distention and pain. The patient's vital signs were: blood pressure 110/60 mm Hg, a heart rate 112 beats per minute, an oral temperature of 101.9 degrees F, a respiratory rate of 20 per minute and an oxygen saturation of 99% on room air. The presence of diffuse rebound tenderness on examination prompted the treating physicians to perform a CT scan of the abdomen. This revealed a small amount of free intraperitoneal fluid and solid lesions within the liver concerning for metastatic disease.
Given the clinical concern for SBP in the setting of ascites, fever and abdominal pain, a diagnostic paracentesis was clinically indicated. Because the patient had only mild abdominal distention on physical examination and a small amount of free fluid on CT scan, bedside US was utilized. US identified a fluid collection in the right lower quadrant area, which was then successfully drained. Collection of fluid may not have been possible via the traditional blind technique, due to the small amount of fluid present. Cell count, gram stain and cultures were ordered and the patient was treated empirically with intravenous antibiotics and subsequently admitted to the hospital.
Use of Ultrasound
These clinical cases highlight the importance of bedside US in the diagnosis and management of patients with both worsening ascites and SBP. Bedside US allows for the rapid diagnosis and subsequent safe drainage of ascites, even when fluid pockets are small [23] .
Indications and Contraindications for the Paracentesis Procedure
According to the World Gastroenterology Organization, diagnostic paracentesis is indicated in all patients with new onset ascites, and in those patients with known ascites whose clinical condition deteriorates (4). More specifically, patients with known or new onset ascites and clinical signs of SBP require immediate paracentesis [3] [23]. Therapeutic, or large volume paracentesis, is indicated for ascites refractory to traditional medical therapy [24] .
Generally, the only absolute contraindications to the paracentesis procedure are clinically evident fibrinolysis or disseminated intravascular coagulation [25] . In other cases, paracentesis, especially with US guidance, does not generally need to be preceded by laboratory evaluation for coagulopathy or thrombocytopenia. Studies have found that coagulopathy and thrombocytopenia are not linked to a higher risk of bleeding complications [26] . Transfusion with fresh frozen plasma or platelets in an effort to correct laboratory abnormalities is therefore not usually indicated prior to paracentesis. Interestingly, advanced renal disease is more commonly associated with paracentesis related hemorrhage [27] [28] . Patients with advanced renal disease must therefore have careful consideration prior to this procedure and US guided paracentesis should generally be used in these patients. Relative contraindications to paracentesis include the uncooperative patient, skin infection at the site of puncture, pregnancy, surgical scars (where the bowel may be entrapped close to the abdominal wall) and severe bowel distention [29] .
Bladder Decompression
Fully emptying the bladder, either by having the patient void or placing a Foley catheter, is indicated prior to paracentesis. This will avoid inadvertent bladder puncture during the procedure. US determination of bladder volume can also be employed prior to the procedure to determine the need for further bladder decompression.
Informed Consent and Preparation
Prior to paracentesis, informed consent should be obtained from the patient. The relative risks of an US guided paracentesis will be discussed below and the clinician can relay this information to the patient. Next, a time-out procedure should be performed, during which patient identity, clinical information, proposed invasive procedure and operative site should be confirmed, together with the patient's nurse. The clinician should then implement full-barrier sterile precautions. This includes carefully washing the hands and putting on a mask, sterile gown and gloves. The patient is prepared by using several chlorhexidine swabs to fully cleanse the proposed puncture area. Alternatively, betadine may be used if chlorhexidine is unavailable. A full-size sterile sheet should be placed over the patient, with only the puncture site uncovered [30] .
Patient Positioning
Next, optimal positioning of the patient for the paracentesis procedure is important to success. Patients with a significant volume of ascites will often have difficulty lying completely supine during the procedure, due to orthopnea from increased upward pressure on the diaphragms. Patients should be placed with the head of the bed raised to the point where maximal comfort is achieved. Optimally, this will be at about 30 degrees, with the head up. This maneuver will also move the ascites fluid to the dependent areas of the abdomen, making it easier to obtain fluid from the paracolic or midline linea alba approaches. If a lateral paracolic approach is being used, positioning the patient in a modified lateral decubitus position can be helpful by increasing the relative size of the ascites fluid pocket on a specific side. The side selected for the paracentesis should be dependent. Placing pressure with a hand on the contralateral side of the abdomen may also increase the size of a dependent fluid pocket. If the patient is able, they may assist in this maneuver.
Initial Probe Choice and Fluid Localization
Prior to the paracentesis procedure, US should be used to identify ascites and to search for the largest pockets of fluid. A 3 MHz curvilinear or phased array probe is recommended for this initial assessment. This lower frequency probe has a longer wavelength, allowing the clinician to look deeper into the patient's abdomen and pelvis, giving a more global view. A modified FAST exam can be employed for a general assessment of the abdomen and pelvis. The positions for placement of the probe to assess the traditional needle puncture areas for paracentesis are demonstrated in Figure 7 . Ascites will typically appear dark (anechoic) on US. Loops of bowel with mesentery may be seen floating within the ascites fluid, and will typically move as the patient changes position or takes a breath (Figure 8, Figure 9 ). Complicated ascites may be identified by the characteristic appearance of the fluid on US. Hemoperitoneum may be indicated by a complex appearance of the ascites fluid, with internal echoes of blood interspersed in the fluid (Figure 10) . Loculations, typically caused by fibrin stranding, may occasionally be present, and can be identified by a bright (hyperechoic) appearance on US (Figure 11) . Smaller loculated areas of ascites should be avoided for paracentesis, especially if there are other areas of free ascites present.
A determination is then made regarding the amount of ascites present and the likelihood that the fluid can be safely aspirated. The Word Gastroenterology Organization states that at least 20 mL of fluid is necessary for di- agnostic paracentesis [4] . Other studies suggest 50 -100 cc as the minimum amount of fluid needed [22] . As mentioned above, one can gauge a rough estimate of the quantity of ascites fluid by measuring the size of the pockets of fluid [11] .
Identification of Puncture Site
The next step is to look more closely at the proposed puncture site using a high frequency 10 MHz linear probe. This probe has a correspondingly shorter wavelength that allows for more detailed imaging of superficial body structures, specifically the abdominal wall (Figure 12) . First, measure the abdominal wall, as it may be edematous and correspondingly thickened in patients with ascites ( Figure 13) . The best location for placement of the paracentesis needle is generally where the abdominal wall is thinnest. As mentioned above, the midline linea alba was previously thought to be the location with thinner abdominal wall measurements. However, the lateral paracolic gutter areas may actually be the sites with the least wall thickness, especially in patients with a high BMI.
Evaluation of Vascular Structures and the "Ascites Safety Zone"
Finally, the high frequency linear probe should be used to identify critical vascular structures within the abdominal wall. The anatomical location of the inferior epigastric artery and vein has considerable variation between patients. Furthermore, its location below the rectus muscle makes it effectively non-compressible if punctured [31] [32] . Patients with portal hypertension from cirrhosis may also have other vascular collaterals present within the abdominal wall that must be avoided. Historically, the midline line alba approach was promoted due to the hypothesis that this area was relatively avascular. However, one study found that multiple venous structures may course through this region in patients with portal hypertension [33] . Therefore, accurate identification of abdominal wall vascular structures is critical in avoiding a hemorrhagic procedural complication. Vascular structures can first be identified using B-mode US, or grey scale imaging, by looking for the typical rounded appearance of artery and vein (Figure 14 ). Color Doppler US can then be used to confirm the presence of vascular structures (Figure 15) . The optimal puncture site for the procedure should avoid any identified vascular structures in the abdominal wall. One can then determine the "ascites safety zone", or the fluid-filled region below the abdominal wall and above the bowel and mesentery, into which a needle can be safely placed (Figure 16 ).
Static vs. Dynamic Procedural Technique
There are two general techniques for incorporating US into the paracentesis procedure. The first is the static technique. This technique utilizes bedside US prior to sterile preparation to mark the ideal location for paracentesis. The patient should be placed in the optimal position, the ideal location for the needle puncture determined and a marking pen used to identify the site. The US probe is then removed, the patient prepared and the needle inserted at the marked site. The second technique is the dynamic technique. This utilizes a sterile probe cover so that US may be used to guide and monitor needle insertion into the peritoneal space in real time. The dynamic technique is the currently recommended technique for central venous catheter insertion.
The authors generally recommend the static technique for paracentesis. However, conversion to the dynamic technique is recommended if difficulty is encountered during the procedure. Either the 3 or 10 MHz probes can be used for the dynamic technique (Figure 17) . The 10 MHz probe has an additional benefit, as it allows the clinician to directly observe the needle as it passes through the abdominal wall into the ascites fluid (Figure 18 ). 
Local Anesthesia
Once the site is identified and both the patient and clinician are properly prepared for the sterile procedure, local anesthesia should be applied liberally along the planned trajectory of the needle. Lidocaine is typically used, al- though bupivacaine may be substituted for its longer duration of action. A smaller gauge needle may be used for the initial skin anesthesia, while a larger gauge needle is helpful to reach the deeper parts of the abdominal wall and the peritoneum. Critical to achieving good anesthesia is ample placement of the anesthetic agent directly at the peritoneal lining, as the many nerve fibers that innervate this structure make it especially sensitive to pain.
Needle Choice
Different needles may be utilized for peritoneal fluid drainage. A large gauge angiocatheter or needle may be used to aspirate smaller volumes of fluid, as in the case of diagnostic paracentesis for suspected SBP. However, it is necessary to ensure the needle has adequate length, as the abdominal wall often becomes more edematous and thick in patients with ascites. Angiocatheters and shorter needles may not have the required length to successfully aspirate fluid. In addition, it is not uncommon for an angiocatheter to pull the abdominal wall down into the abdominal cavity with resultant obstruction of the needle tip, leading to unsuccessful aspiration ( Figure  19 ). Successful performance of the paracentesis procedure often benefits from the use of the larger needles specifically designed for this purpose. The standard paracentesis and thoracentesis kits are equipped with a larger gauge Caldwell type needle. This needle has the longer length often needed for a successful procedure ( Figure  20) . One study demonstrated an increased success rate for the aspiration of ascites using a Caldwell type needle, as compared to a standard angiocatheter [34] .
Technique for Needle Placement
Following generous anesthesia, a scalpel is used to nick the skin to open a tract for the longer Caldwell type needle. The paracentesis needle is then advanced with constant negative pressure applied to the syringe. Once the tip of the needle traverses the abdominal wall and enters the peritoneum, ascites fluid will return. Fluid for usual studies can then be immediately collected from this initial aspirate. In the case of a therapeutic paracentesis, the plastic catheter is then gently advanced into the ascites fluid, as the metal trocar is simultaneously removed. This maneuver leaves only a plastic catheter in the peritoneal cavity for continued fluid drainage, decreasing the risk of inadvertent puncture of bowel or solid organ by the metal needle or trocar. Once steady flow of ascites fluid is confirmed from the plastic catheter, the catheter can be attached to a vacutainer bottle for continued removal of fluid.
Avoiding Ascites Leakage Following the Procedure
Additional strategies for needle placement during intra-peritoneal access have been developed to decrease the incidence of a continued leak of ascites following paracentesis puncture [35] . The simplest strategy for needle insertion is to insert it with a straight trajectory, perpendicular to the abdominal wall. An alternative to this method is the z-technique. The z-technique of needle insertion is thought to minimize continued fluid drainage via the catheter tract. Continued drainage can be quite uncomfortable for the patient. More concerning, this indicates a patent tract that may predispose to local and intra-peritoneal infection from adjacent skin flora. To minimize post-procedural drainage, the desired site of insertion is first selected with US. The skin at the desired site is then moved superiorly by applying tension with a sterile, gloved hand. While the skin is under tension, the needle is inserted in a perpendicular orientation through the skin, subcutaneous tissues and abdominal wall tissue. Once the fluid is obtained, tension on the skin is released. Following completion of the procedure and removal of the catheter, the overlying skin will return to its pre-procedural position at a site some distance from the underlying puncture. This can disrupt the tract produced during the procedure and form a type of "skin bandage" that can minimize post-procedural drainage. Post-procedural drainage may occasionally occur following paracentesis despite use of the z-technique. For such instances, the use of local pressure followed by liberal application of a skin adhesive (such as 2-octylcyanoacrylate i.e. Dermabond) to seal the tract at the skin is recommended.
Sending Ascites Fluid for Testing
The volume of fluid removed and specific tests ordered will depend on the indication for the procedure (diagnostic vs. therapeutic). Obtaining ample fluid (20 -30 cc) for cell count with differential, gram stain and culture is routinely required following diagnostic paracentesis for the purposes of identifying SBP [25] . As SBP can be difficult to diagnose on clinical evaluation, consideration of these tests is also generally indicated in therapeutic large volume paracentesis. Blood culture bottles should be inoculated at the bedside, optimally with 5 -10 cc of fluid, immediately after the conclusion of the procedure. Immediate inoculation has been found to be more sensitive in the detection of SBP, as compared to delayed inoculation. In cases of new onset ascites, the fluid may be sent for albumin determination. Comparing the serum to ascites albumin gradient will allow for a better determination of the etiology of the ascites. Additional testing is dependent upon each patient's unique clinical presentation. Other specialized tests include mycobacterial culture, lactate dehydrogenase (LDH), amylase and bilirubin [4] .
Administration of Albumin
If a large-volume paracentesis is performed (defined as removal of greater than 5 liters of fluid removed), it is currently recommended that patients receive intravenous albumin in order to avoid potential circulatory collapse and associated complications [2] .
Interpretation of Ascites Results and Empiric Treatment
An ascites polymorphonuclear (PMN) leukocyte count of ≥250 cells/mm 3 is diagnostic of SBP, and in the appropriate clinical setting should be treated as such [25] . The PMN response, however, may occasionally be delayed, and a positive gram stain and culture may result from ascites sampled prior to the development of the benchmark of ≥250 PMNs/mm (WGO). In the setting of ascites with abdominal pain, fever, and concern for SBP, a positive gram stain should prompt administration of appropriate antibiotics. For common SBP due to gramnegative enteric organisms, a broad-spectrum antibiotic, such as cefotaxime or ceftriaxone, can be given empirically. Further antibiotic choices can be made on the results of the ascites gram stain and culture.
Gram-negative organisms, such as E. coli, are the most common causes of SBP. However, identification of unusual organisms may prompt additional evaluation and treatment of the patient. For example, identification of polymicrobial species in the ascites fluid may indicate secondary bacterial peritonitis from a bowel perforation, as opposed to typical SBP.
In the evaluation of new onset ascites, the determination of the serum to ascites albumin gradient (SAAG) can be helpful. A level greater than 1.1 g/dl correlates well with portal hypertension as the underlying etiology.
Evidence for Abdominal Ultrasound in Decreasing Complications Associated with the Paracentesis Procedure
Available evidence now supports the use of US prior to the paracentesis procedure for the purposes of site planning and for the avoidance of procedural complications. These are most commonly defined as failed acquisition of ascites fluid, laceration of a vascular structure with hemorrhage into the peritoneal cavity and needle puncture of bowel or bladder. The risk of complications becomes even more important in patients with smaller volumes of ascites. One case series found the absence of drainable fluid collections at the traditional landmark technique LLQ site in patients with progressively lower volumes of ascites [22] . Inability to successfully aspirate ascites fluid is considered a primary limitation of the paracentesis procedure. Some patients may undergo multiple needle punctures without obtaining fluid, potentially increasing the risk of damage to internal organs, such as bowel and bladder. A prospective randomized study comparing US-guided and traditional blind paracentesis looked specifically at the aspiration success rate [36] . Emergency department patients in whom the clinical decision had been made to perform a paracentesis were randomized to one of two groups; traditional blind paracentesis vs. US-guided paracentesis. Of the 56 patients randomized to undergo the US-guided procedure, 14 had no demonstrable drainable fluid collection on US and an additional 2 patients had pathology identified on US that precluded paracentesis. Of the 42 patients who had drainable fluid found on US, 95% had a successful paracentesis. In comparison, only 61% of those randomized to traditional paracentesis had a successful procedure. In a break from the original study design, 15 of the patients with an initial failed paracentesis in the blind landmark group ultimately had successful aspiration of fluid using US guidance. This study reinforced that US not only allowed for confirmation of ascites amenable to paracentesis, but also demonstrated a higher rate of successful aspiration of fluid over the blind technique. Notably, US guidance allowed for successful aspiration of fluid in patients whom had previously undergone an unsuccessful paracentesis using the blind landmark technique. Other studies have reinforced the utility of US-guided paracentesis to achieve a higher success rate of aspiration of fluid from the abdominal cavity [23] .
Perhaps the most feared complication of paracentesis is hemorrhage into the peritoneal cavity. This is a valid concern, given the large size of this space and the inability to achieve hemostasis with direct pressure following inadvertent puncture of an abdominal wall vessel. In addition, liver disease patients undergoing this procedure may have both coagulopathy and thrombocytopenia, potentially increasing the bleeding risk with vessel injury [25] [26] . Even though studies suggest that routine correction of these parameters is not necessary, providers must still exercise caution to avoid this potentially fatal complication. Patients with advanced renal disease are at greatest risk of bleeding [27] [28] . The hemorrhagic complication rate related to paracentesis in most available studies lies between 1% and 2% [28] . Please see Table 1 for a summary of the few studies in which the authors have clearly delineated the use of US versus traditional approaches.
Mercaldi and Lanes used claims data to examine the risk of bleeding complications after paracentesis in a series of 69,859 patients. Bleeding complications occurred at a rate of 0.27% in the US group and 1.25% in the traditional landmark group. Interestingly, in-hospital death rates between the two groups differed at 3.2% for the US group and 4.3% for the traditional group, even though they appeared similarly matched. In a subgroup analysis, those with bleeding complications had an in-hospital mortality rate of 12.9% versus 3.7% in those without. This difference resulted in measured increases in both the length of hospital stay and in resultant hospital charges [10] .
Bleeding may occur via a number of mechanisms. Laceration of the inferior epigastric vessels is the most frequently documented source. It is theorized, however, that spontaneous rupture of collateralized splachnic cir- culation (due to decreased abdominal compartment pressure post-paracentesis) may be the underlying pathophysiology in some cases [37] [38] . Choice of puncture site may also play a role. Older case reports suggest that the infra-umbilical midline linea alba approach is in an area where there may be significant intra-abdominal varices or a recanalized umbilical vein. A needle inadvertently placed through these structures may result in potential intra-abdominal hemorrhage [39] [40] [33] . Sakai et al. advocate for an US-first approach before paracentesis, citing the LLQ as the favored site, as mentioned above [5] .
Patel and colleagues also showed a lower complication rate with US. They performed a retrospective database analysis on 1297 paracentesis procedures, of which 723 (56%) were performed with US, and 574 (44%) without. Hemorrhagic complications were significantly lower in the US group. US was associated with fewer adverse events and lower hospitalization costs. Patients undergoing US-guided paracentesis demonstrated lower rates of post-procedural infection, hematoma and seroma [41] .
While infectious complications remain a concern, the rate of association with US guided paracentesis is extremely low. In a retrospective review of over 13,000 US-guided cases performed by the Radiology Department at the Mayo Clinic over a two-year period, researchers found only 14 cases of procedure-related infection. Cases included fine needle aspiration, drain placement, biopsy, pseudoaneurysm injection, thoracentesis and paracentesis. Regarding paracentesis, 2536 cases were performed and only 4 were associated with post-procedural infectious complications [42] . By comparison, 242 consecutive diagnostic paracenteses performed without US resulted in 1 case of generalized peritonitis [9] . These findings suggest that the addition of US does not increase the risk of infectious complications related to paracentesis.
There are limitations in some of the studies in the literature looking at the safety profile and complication rate associated with the paracentesis procedure, both with and without US. Some studies do not include a direct comparison between US guided versus traditional landmark techniques [8] [42] . For example, in these studies, US may have been utilized in cases where difficult access was suspected, a limited amount of ascites was present or in higher risk patients. However, the available data may be used to guide a reasonable risk to benefit analysis for the paracentesis procedure performed both with and without US guidance ( Table 1 ).
Conclusion
Bedside US is a vital tool in the ED, aiding in both the timely diagnosis of potentially life-threatening conditions and in the safe and effective treatment of these patients. The studies reviewed in this article provide evidence that US guidance of paracentesis is associated with a higher rate of successful aspiration of fluid, a lower rate of hemorrhagic complications and no higher risk of infection as compared to the landmark technique. Although not clearly demonstrated in the literature, direct imaging of a patient's anatomy prior to needle puncture may decrease the incidence of perforation of organs, like bowel, bladder, liver or spleen. In the current climate of advocating for increased safety for patients undergoing invasive procedures in the hospital, US guidance of paracentesis should be definitively included in this campaign. This is reinforced as the blind landmark technique has been associated with a higher risk of complications and mortality, as well as increased hospital length of stay and charges for the patient. Clinicians caring for patients with suspected and confirmed ascites should strongly consider adding bedside US to their skill set to improve the initial diagnosis and evaluation of these patients, as well as to facilitate the performance of the paracentesis procedure.
